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Description

[0001] This invention relates to a novel optically active compound which is useful as a liquid crystal material to be
used in liquid crystal electro-optical devices. It also relates to an antiferroelectric liquid crystal composition containing
this compound.
[0002] Liquid crystal display devices have been used in various products including watches and electronic calcula-
tors, since they are thin and light and consume less electricity. The twisted nematic (TN) display system with the use
of nematic liquid crystals is adopted in liquid crystal display devices commonly employed today. Among driving systems
for liquid crystal display devices, the simple matrix system, whereby the liquid crystal display device is driven only by
electrodes provided on upper and lower substrates, is the most suitable one from the viewpoints of productivity and
cost. However, nematic liquid crystals have a slow response time and provide reduction of the contrast with an increase
in the display density, which makes it difficult to construct a high-density display thereby. Accordingly, a very expensive
driving system called the active matrix system, wherein each pixel is provided with a thin film transistor (TFT), has
been employed in the displays of computers, and so forth. The production of these displays requires many steps and
thus costs a great deal. Thus attempts have been made to cut down the production cost thereof.
[0003] On the other hand, Meyer et al. synthesized 2-methylbutyl 4-(n-decyloxybenzylideneamino)cinnamate show-
ing a ferroelectric liquid crystal phase (Sc* phase) in 1975 [R.B. Meyer et al., J. Phys. (France), 36, L69 (1975)]. Further,
Clark et al. proposed a surface stabilized ferroelectric liquid crystal device [N.A. Clark et al., Appl. Phys. Lett., 36, 899
(1980)]. Under these circumstances, it is expected that a liquid crystal display device having a fast switching time and
an excellent bistability will be produced. Thus a number of ferroelectric liquid crystal materials have been synthesized
and proposed so far.
[0004] However, the alignment state is much more complicated than expected. Thus the direction of liquid crystal
molecules in a layer is liable to be twisted, which makes it impossible to obtain a high contrast ratio. In addition, it was
anticipated that the layer stood perpendicularly to the upper and lower substrates (i.e., a bookshelf structure). In prac-
tice, however, the layer is folded (i.e., a chevron structure) and, as a result, zigzag defects arise, which also reduce
the contrast ratio. Furthermore, there arises another problem of spontaneous polarization characteristic to ferroelectric
liquid crystals. Namely, it has been found out that when a memory state is kept for a long period of time, inversion
hardly occurs even under the application of a reverse electrical field (this phenomenon will be hereinafter referred to
as ghost effect"), thus reducing the contrast.
[0005] Recently, there has been reported the existence of a liquid crystal phase by which these problems encountered
in ferroelectric liquid crystals might be solved. This liquid crystal phase is an antiferroelectric liquid crystal phase (ScA*
phase) having a third stable state in addition to the two stable states (bistability) of the ferroelectric liquid crystal phase.
In this third stable state, the molecular tilt direction is reversed between two adjacent layers and thus the spontaneous
polarization is drowned out. Although this ScA* phase appears on the lower temperature side of the Sc* phase, the
switching time of this ScA* phase is almost comparable to that of the Sc* phase. Moreover, the chevron structure can
be switched to the bookshelf structure by changing an applied electrical field. In the ScA* phase, therefore, the bookshelf
structure can be easily established by applying an appropriate electric field and thus defects can be eliminated. Further,
polarizers and analyzers are provided in such a manner as to make the third state (i.e., the stable state under the
application of no voltage) dark and the two ferroelectric states are switched to each other by applying an alternating
electric field. Accordingly, no such ghost effect,as observed in ferroelectric liquid crystal devices,occurs in this case.
[0006] In addition, an antiferroelectric liquid crystal phase is also observed in the smectic I phase corresponding to
a tilted smectic B phase; and because the phase is of higher order, it has a low response speed. Thus the ScA* phase
of a low viscosity alone might be applicable to a high contrast display. An antiferroelectric liquid crystal device with the
use of this ScA* phase enables simple matrix driving at a low cost and a high productivity. It is said that a display device
with a high contrast ratio can be easily achieved thereby.
[0007] The antiferroelectric liquid crystal phase was found for the first time in 4-(1-methylheptyloxycarbonyl)phenyl-
4'-octyloxybiphenyl-4-carboxylate (hereinafter referred to simply as MHPOBC) represented by the following chemical
formula [Chandani et al., Jpn. J. Appl. Phys., 27, L729 (1988)]:

[0008] Subsequently, it was clarified that the ScA* phase also appeared when 1-methylheptyl group in the chiral site
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was replaced by a 1-trifluoromethylheptyl group. The compound prepared by introducing this 1-trifluoromethylheptyl
group exhibits the antiferroelectric liquid crystal phase in a relatively stable state. Accordingly, many derivatives thereof
have been reported hitherto as compounds showing the ScA* phase.
[0009] In the prior art, a chiral nematic liquid crystal composition or a ferroelectric liquid crystal composition are
obtained by adding an optically active compound respectively to a nematic liquid crystal composition or a smectic C
liquid crystal composition free from any optically active compound. In the case of an antiferroelectric liquid crystal
composition, on the other hand, few compounds free from any optically active group and having the same layer structure
as that of antiferroelectric liquid crystal phases have been found. Accordingly, an antiferroelectric liquid crystal com-
position is obtained by constructing a composition of a compound showing an antiferroelectric liquid crystal phase and
adding a smectic C liquid crystal compound thereto in such a manner as not to break the layer structure thereof [in
general, in an amount of from 30 to 40% (by weight, the same will apply hereinafter)].
[0010] However, few liquid crystal compounds with two rings showing an antiferroelectric phase have been found.
That is to say, no such compound other than the cinnamate derivative represented by the following chemical formula
is known, as far as the present inventors know [Proceedings of 18th Liquid Crystal Conference in Niigata, Japan, (1992)
3B419] :-

[0011] A compound formally included within the general formula (I) of the optically active compound of the present
invention (as will be described hereinafter) is disclosed in JP-A-3-12476 (the term "JP-A" as used herein means an
"unexamined published Japanese patent application") Thus, the latter document discloses a phenylpyrimidine deriv-
ative represented by the following general formula (II):

wherein R5 and R6 each represent a straight chain or branched alkyl group having 1 to 18 carbon atoms and optionally
substituted, provided that at least one of them is an optically active one; X1 represents -O-, -OC(=O)-, -C(=O)O-, or
-OC(=O)O-; and X2 represents a single bond, -O-, -OC(=O)-, -C(=O)O-, or -OC(=O)O-.
[0012] However, the liquid crystal compound of general formula (II) disclosed in the above-mentioned patent is not
an antiferroelectric liquid crystal compound, but a compound which is employed in a ferroelectric chiral smectic liquid
crystal composition.
[0013] Further, JP-A-4-213387 discloses a phenylpyrimidine derivative represented by the following general formula
(III):

wherein R7 and R8 each represent a straight chain or branched alkyl group having 1 to 18 carbon atoms and optionally
substituted by an alkoxy group having 1 to 12 carbon atoms, provided that R7 and R8 are both optically inactive ones;
and Z1 represents a single bond, O-O, -OC(=O)-, -C(=O)O-, or -OC(=O)O-.
[0014] However, this derivative is again not an antiferroelectric liquid crystal compound, but a compound which ex-
hibits a smectic C phase and which is to be used in a ferroelectric liquid crystal device, similar to the one described
above.
[0015] When the 1-methylheptyl group in the chiral site of the above-mentioned MHPOBC is replaced by a 1-meth-
ylhexyl group only, the ferroelectric liquid crystal phase appears without showing the ScA* phase. When a 2-methylalkyl
group is used, the ferroelectric phase alone appears, but additionally no ScA* phase is observed. That: is to say, it is
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very difficult to structurally modify the chiral site: although molecular modification of the chiral site is possible, an an-
tiferroelectric liquid crystal phase is hardly achieved.
[0016] There have been generally synthesized various compounds modified in the liquid crystal core side, in partic-
ular, the ring structure. Similar to the conventional nematic liquid crystals, antiferroelectric liquid crystals should satisfy
various requirements for practical use. These requirements can be hardly satisfied by using a single compound or a
group of analogous compounds as described above. Namely, it is required to use a number of compounds differing in
properties.
[0017] The above-mentioned cinnamate derivative, which is the only compound known as antiferroelectric liquid
crystals with two rings, cannot be added to a liquid crystal composition to be used in a liquid crystal display, because
of its poor stability in light. Accordingly, chemically and optically stable two-ring antiferroelectric liquid crystal compounds
have never been reported, as far as the inventors know. However, in order to obtain a liquid crystal composition having
a lower viscosity and a broader temperature range, it is necessary to add a two-ring compound to the composition.
[0018] In view of the above, a method has been proposed of adding a two-ring liquid crystal compound showing a
smectic C phase, in which the liquid crystal molecule is tilted in the layer as in the antiferroelectric liquid crystal phase,
to an antiferroelectric liquid crystal composition to improve the temperature range and viscosity. In this case, however,
the antiferroelectric liquid crystal phase disappears unless a three-ring antiferroelectric liquid crystal compound having
a higher viscosity (such as MHPOBC) is added to the composition in an amount of 60% or more. Accordingly, even in
this method, it has been difficult to obtain the desired effects, i.e., broadening the temperature range, lowering the
viscosity, and so forth.
[0019] Under these circumstances, it has been urgently required to develop a two-ring compound which is a liquid
crystal compound showing chemically and optically stable antiferroelectric properties and capable of maintaining the
antiferroelectric liquid crystal phase even though added in a large amount to a composition thereof.
[0020] Accordingly, the present invention aims at providing a novel optically active compound, which shows an an-
tiferroelectric liquid crystal phase or is highly miscible with known compounds showing an antiferroelectric liquid crystal
phase, thus being capable of broadening the temperature range of the antiferroelectric phase, and an antiferroelectric
liquid crystal composition containing this optically active compound.
[0021] The present inventors have conducted extensive studies on optically active compounds that are highly mis-
cible with known compounds that show an antiferroelectric liquid crystal phase and which are thus capable of broad-
ening the temperature range of the antiferroelectric phase.
[0022] In the process of these studies, it has been clarified that the compound disclosed in the above-mentioned JP-
A-3-12476, which is known to show a ferroelectric chiral smectic C phase or merely a smectic C phase, is unusable
as a compound capable of achieving a stable antiferroelectric liquid crystal phase when added to an antiferroelectric
liquid crystal compound or an antiferroelectric liquid crystal composition at a ratio of 40 % or above. When this compound
is added to an antiferroelectric liquid crystal compound or a composition thereof at a ratio of 40 % or above, namely,
the obtained mixture becomes a smectic A phase liquid crystal composition or a ferroelectric liquid crystal composition
as described in the Comparative Examples. This is seemingly because the ferroelectric liquid crystal phase differs from
the antiferroelectric liquid crystal phase in layer structure. When ferroelectric liquid crystals or an optically inactive
smectic C liquid crystal compound- are added at a ratio of 40% or above to a compound showing an antiferroelectric
liquid crystal phase, therefore, the layer structure of the antiferroelectric liquid crystal phase falls into disorder.
[0023] Regarding the compound described in JP-A-4-213387, this patent document states nothing about the phase
sequence, phase transition temperature, and so forth thereof. This compound, which is optically inactive as described
in the claims, is one to be used in a ferroelectric liquid crystal device and thus seemingly shows a smectic C phase.
Accordingly, it is considered that this compound is also unusable as a compound capable of achieving a stable antif-
erroelectric liquid crystal phase when added at a ratio of 40 % or above to an antiferroelectric liquid crystal compound
or an antiferroelectric liquid crystal composition.
[0024] Thus, the present inventors synthesized the following compound which is the only one concretely disclosed
in the detailed description of the specification of the above-mentioned patent:

and examined the phase transition thereof (Comparative Example 7). As a result, it is proved that this compound shows
nematic and smectic C phases,but not an antiferroelectric liquid crystal phase. It has also been found that when this
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compound is added in an amount of 49.3 % by weight to a known compound showing an antiferroelectric liquid crystal
phase, the resulting mixture is a liquid crystal composition showing a smectic A phase alone.
[0025] On the basis of this discussion, the present inventors have conducted extensive and detailed studies on
bicyclic compounds showing an antiferroelectric liquid crystal phase. During these studies, they have successfully
found that the compound of the present invention represented by general formula (I)(as will be given hereinbelow),
which is an optically active 2-methylalkanoic acid derivative having an alkyl chain of a length falling within a definite
range and a carbonate bond, may or may not show an antiferroelectric liquid crystal phase, is highly miscible with
known compounds showing an antiferroelectric liquid crystal phase, and exhibits a stable antiferroelectric liquid crystal
phase on mixing, thus broadening the temperature range of the antiferroelectric phase in particular toward the lower
temperature side. They have furthermore found out that the compound represented by general formula (I) shows either
a monotropic antiferroelectric liquid crystal phase or no liquid crystal phase when used alone but provides an antifer-
roelectric liquid crystal composition when added at a ratio of 60 % or above to an antiferroelectric liquid crystal com-
pound or an optically inactive smectic C liquid crystal compounds. The present invention has been completed based
upon these findings. That is to say, the present inventors have found that the compound represented by general formula
(I) may or may not show an antiferroelectric liquid crystal phase at around its crystallization temperature (in the process
of lowering temperature) or below.
[0026] Accordingly, the present invention provides

an optically active compound represented by the following general formula (I):

wherein R1 represents an alkyl group having 6 to 16 carbon atoms; R2 represents a straight chain alkyl group
having 3 to 8 carbon atoms or a branched alkyl group having 4 to 10 carbon atoms; and * means an asymmetric
carbon atom; and
an antiferroelectric liquid crystal composition comprising at least one optically active compound represented by
the above general formula (I).

[0027] In the compound of the present invention represented by the general formula (I), which is specified by the
above-mentioned carbonate, optically active 2-methylalkanate, the direction of the phenylpyrimidine ring, and so forth,
the alkyl group R1 may be either a straight chain or branched one. However, a straight chain alkyl group is preferable
and one having 6 to 12 carbon atoms is still preferable therefor. The alkyl group R2 may be either a straight chain alkyl
group having 3 to 8 carbon atoms or a branched one having 4 to 10 carbon atoms. In any case, the alkyl group having
3 to 6 carbon atoms in the linear chain is preferable from the viewpoint of the stability of the antiferroelectric liquid
crystal phase, melting point and viscosity.
[0028] Preferable examples of the compound of the present invention represented by general formula (I) include the
following:-
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[0029] In these compounds, R1 represents an alkyl group having 6 to 16 carbon atoms. Although R' may be branched,
a straight chain alkyl group is preferable therefor.
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[0030] The liquid crystal compound of the present invention represented by general formula (I) can be synthesized
in, for example, the following manner. Namely, an optically active 2-methylalkanoic acid prepared as described below
is converted into a carboxylic acid halide in accordance with a conventional method. Then this product is reacted with
the following phenol derivative (IV), which has been synthesized by a conventional method, in the presence of pyridine
to thereby give the target compound : -

[0031] The optically active 2-methylalkanoic acid as described above can be obtained by, for example, asymmetrically
hydrogenating the corresponding 2-methyl-2-alkenoic acid or optically resolving a racemic 2-methylalkanoic acid or a
derivative thereof by using lipase.
[0032] The above-mentioned phenol derivative (IV) can be obtained by, for example, the following synthesis method
wherein Bz represents a benzyl group.
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[0033] Namely, the synthesis to 2-(4-benzyloxyphenyl)-5-hydroxypyrimidine may be performed in accordance with
a conventional manner described in, for example, U.S. Patent 5,290,477. The 5-hydroxypyrimidine derivative thus
obtained is reacted with an alkyl chloroformate in the presence of pyridine to thereby give a carbonate derivative. The
obtained product is then hydrogenated by using palladium/carbon under atmospheric pressure to eliminate the benzyl
group. Thus phenol derivative (IV) can be obtained.
[0034] Many of the compounds of the present invention represented by general formula (I) show an antiferroelectric
liquid crystal phase by themselves. Although some of these compounds show no liquid crystal phase, they are highly
miscible with known antiferroelectric liquid crystal compounds. Therefore, antiferroelectric liquid crystal compositions
can be easily obtained by mixing the compound (I) with the known ones. Preferable examples of such antiferroelectric
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liquid crystal compounds include those represented by the following general formulae :-

[0035] In these formulae, n and m each represent an integer of 1 or 2, provided that n + m = 3, Q represents 0 or 1,
and R9 and R10 each represent a straight chain alkyl group.
[0036] The compound of the present invention represented by general formula (I) is also highly miscible with known
compounds showing a smectic C phase or a chiral smectic C phase (for example, phenylpyrimidine, phenyl benzoate).
It is therefore possible to obtain antiferroelectric liquid crystal compositions by mixing compound (I) with compounds
showing a smectic C phase or a chiral smectic C phase within such a range as being capable of maintaining the layer
structure of the antiferroelectric liquid crystal phase.
[0037] When an antiferroelectric liquid crystal composition is prepared by mixing the optically active compound of
the present invention with a known antiferroelectric liquid crystal compound, it is preferable to add the compound of
the present invention in an amount of from 1 to 60 % by weight, still preferably from 20 to 60 % by weight. When the
antiferroelectric liquid crystal composition thus obtained is further mixed with a ferroelectric liquid crystal compound or
an optically inactive smectic C liquid crystal compound to thereby give an antiferroelectric liquid crystal composition,
it is important that the ferroelectric liquid crystal compound or the optically inactive smectic C liquid crystal compound
is employed in an amount of not more than 40 % by weight based on the antiferroelectric liquid crystal composition
mixture.
[0038] When the compound of the present invention is mixed with a ferroelectric liquid crystal compound to thereby
give an antiferroelectric liquid crystal composition, it is important that the resulting composition contains at least 60 %
by weight of the compound of the present invention.
[0039] As described above, the compound of the present invention is highly miscible with conventionally known
compounds showing a highly stable antiferroelectric liquid crystal phase and, therefore, can broaden the temperature
range of the antiferroelectric phase. Thus the compound of the present invention is very useful as a material to be used
in an electro-optical device in conjunction with antiferroelectric liquid crystals.
[0040] To further illustrate the present invention in greater detail, the following Examples will be given.
[0041] In these Examples, phase transition points were determined by observing under a polarizing microscope and
measuring with the use of a differential scanning calorimeter (DSC). An antiferroelectric liquid crystal phase was iden-
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tified by a so-called miscibility test and a contact method. In these examples, all percentages are by weight except
those showing yields.

EXAMPLE 1

Synthesis of 2-(4-(S)-2-methyloctanoyloxyphenyl)-5-decyloxycarbonyloxy-1,3-pyrimidine:

(1) Synthesis of 2-(4-benzyloxyphenyl)-5-decyloxycarbonyloxy-1,3-pyrimidine:

[0042] To a three-necked flask (200 ml) were added under a nitrogen gas stream 4.2 g (12.0 mmol) of 2-(4-benzy-
loxyphenyl)-5-hydroxy-1,3-pyrimidine, 1.64 g (20.8 mmol) of pyridine and 70 ml of dichloromethane. Then 3.44 g (15.6
mmol) of decyl chloroformate was dropped thereinto at 0 °C. After the completion of the addition, the resulting mixture
was stirred at room temperature for 17 hours. After the completion of the reaction, the reaction mixture was washed
successively with 5 % hydrochloric acid and water and dried over anhydrous magnesium sulfate. After drying and
distilling off the solvent, the obtained residue was recrystallized from ethyl acetate and methanol. Thus 5.00 g of the
target compound was obtained. Yield: 90 %.

(2) Synthesis of 2-(4-hydroxyphenyl)-5-decyloxycarbonyloxy-1,3-pyrimidine:

[0043] To a three-necked flask (200 ml) were added 5.00 g (10.8 mmol) of 2-(4-benzyloxyphenyl)-5-decyloxycarbo-
nyloxy-1,3-pyrimidine, 80 ml of THF and 0.50 g of palladium/carbon followed by hydrogenation under 1 atm for 22
hours. After the completion of the reaction, the palladium/carbon was filtered off and the solvent was distilled off. Thus
4.00 g of the target compound was obtained. Yield: 99 %.

(3) Synthesis of 2-(4-(S)-2-methyloctanoyloxyphenyl)-5-decyloxycarbonyloxy-1,3-pyrimidine:

[0044] To a three-necked flask (50 ml) were added under a nitrogen gas stream 7.07 g (80.25 mmol) of thionyl
chloride and 2.54 g (16.05 mmol) of (S)-2-methyloctanoic acid. The resulting mixture was reacted at 80 °C for 3 hours.
After the completion of the reaction, the excessive thionyl chloride was distilled off to thereby give an acid chloride to
be used in the subsequent reaction. Separately, to a three-necked flask (200 ml) were added 4.00 g (10.7 mmol) of 2-
(4-hydroxyphenyl)-5-decyloxycarbonyloxy-1,3-pyrimidine, 80 ml of dichloromethane and 2.54 g (32.1 mmol) of pyrid-
ine. Then the acid chloride prepared above was dropped thereinto at 0 °C. After the completion of the addition, the
resulting mixture was stirred at room temperature for 2 hours. After the completion of the reaction, the mixture was
washed with 5 % hydrochloric acid followed by separation. The organic layer thus obtained was washed successively
with a saturated aqueous solution of sodium hydrogencarbonate and water and dried over anhydrous magnesium
sulfate. After drying and distilling off the solvent, the residue was purified by silica gel column chromatography (toluene/
ethyl acetate = 10/1, by volume) and purified by using an ODS column. Thus 3.21 g of the target compound was
obtained. Yield: 58.7 %. 1H-NMR (CDCl3) ppm: 0.89 (6H, m), 1.33 (25H, m), 1.59 (1H, m), 1.78 (3H, m), 2.71 (1H, m),
4.31 (2H, t), 7.20 (2H, d, J = 8.8 Hz), 8.45 (2H, d, J = 8.8 Hz), 8.721 (2H, s). MS (m/e): 513 (M+, +H).
[0045] This compound melted at 60 °C to give an isotropic liquid phase. When cooled, it monotropically showed a
tilted smectic phase. The transition point from this phase into the isotropic liquid phase was 45 °C. The results of a
contact test and a miscibility test with 4-(1-methylheptyloxycarbonyl)phenyl-4'-decyloxybiphenyl-4-carboxylate (here-
inafter referred to simply as MHPDBC), i.e., a known compound showing an antiferroelectric liquid crystal phase, in-
dicated that the liquid crystal phase observed herein was an antiferroelectric liquid crystal phase.

EXAMPLE 2

Synthesis of 2-(4-(S)-2,6-dimethylheptanoyloxyphenyl)-5-decyloxycarbonyloxy-1,3-pyrimidine:

[0046] Synthesis was performed in the same manner as the one of Example 1 but using (S)-2,6-dimethylheptanoic
acid as a substitute for the (S)-2-methyloctanoic acid employed in Example 1 (3).
1H-NMR (CDCl3) ppm: 0.89 (9H, m), 1.28 (17H, m), 1.42 (4H, m), 1.57 (2H, m), 1.76 (3H, m), 2.71 (1H, m), 4.31 (2H,
t), 7.19 (2H, d, J = 8.8 Hz), 8.45 (2H, d, J = 8.9 Hz), 8.71 (2H, s).
MS (m/e): 512 (M+).
[0047] This compound melted at 64.5 °C to give an isotropic liquid phase. When cooled quickly, it showed a tilted
smectic liquid crystal phase immediately before crystallization. Then it was added in an amount of 56 % by weight to
MHPDBC known as antiferroelectric liquid crystals and the phase transition points were observed. As a result, a mixture
of an isotropic liquid with a smectic A phase was observed from the higher temperature side. At 57 °C, the whole
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mixture underwent transition to the antiferroelectric liquid crystal phase. The results of a contact test of this compound
with the compound of Example 1 indicated that the tilted smectic phases were the same, i.e., the antiferroelectric liquid
crystal phase.

EXAMPLE 3

Synthesis of 2-(4-(S)-2,6-dimethylheptanoyloxyphenyl)-5-hexyloxycarbonyloxy-1,3-pyrimidine:

[0048] Synthesis was performed in the same manner as the one of Example 2 but using hexyl chloroformate as a
substitute for the decyl chloroformate employed in Example 1 (1).
1H-NMR (CDCl3) ppm: 0.90 (9H, m), 1.32 (9H, m), 1.43 (4H, m), 1.57 (2H, m), 1.79 (3H, m), 2.71 (1H, m), 4.31 (2H,
t), 7.20 (2H, d, J = 14.1 Hz), 8.45 (2H, d, J = 14.1 Hz), 8.71 (2H, s).
MS (m/e): 456 (M+).
[0049] This compound melted at 60.7 °C to give an isotropic liquid phase.

EXAMPLE 4

Synthesis of 2-(4-(S)-2,6-dimethylheptanoyloxyphenyl)-5-heptyloxycarbonyloxy-1,3-pyrimidine:

[0050] Synthesis was performed in the same manner as the one of Example 2 but using heptyl chloroformate as a
substitute for the decyl chloroformate employed in Example 1 (1).
1H-NMR (CDCl3) ppm: 0.90 (9H, m), 1.30 (11H, m), 1.42 (4H, m), 1.56 (2H, m), 1.78 (3H, m), 2.71 (1H, m), 4.32 (2H,
t), 7.19 (2H, d, J = 9.0 Hz), 8.45 (2H, d, J = 8.9 Hz), 8.71 (2H, s).
MS (m/e): 470 (M+).
[0051] This compound melted at 73.8 °C to give an isotropic liquid phase.

EXAMPLE 5

Synthesis of 2-(4-(S)-2,6-dimethylheptanoyloxyphenyl)-5-octyloxycarbonyloxy-1,3-pyrimidine:

[0052] Synthesis was performed in the same manner as the one of Example 2 but using octyl chloroformate as a
substitute for the decyl chloroformate employed in Example 1 (1).
1H-NMR (CDCl3) ppm: 0.89 (9H, m), 1.29 (13H, m), 1.43 (4H, m), 1.56 (2H, m), 1.79 (3H, m), 2.71 (1H, m), 4.31 (2H,
t), 7.20 (2H, d, J = 9.0 Hz), 8.45 (2H, d, J = 8.9 Hz), 8.71 (2H, s).
MS (m/e): 485 (M+).
[0053] This compound melted at 72.9 °C to give an isotropic liquid phase. When cooled quickly, a tiled smectic liquid
crystal phase was observed immediately before crystallization. The results of a contact test of this compound with the
compound of Example 1 indicated that the tilted smectic phases were the same, i.e., the antiferroelectric liquid crystal
phase.

EXAMPLE 6

Synthesis of 2-(4-(S)-2,6-dimethylheptanoyloxyphenyl)-5-nonyloxycarbonyloxy-1,3-pyrimidine:

[0054] Synthesis was performed in the same manner as the one of Example 2 but using nonyl chloroformate as a
substitute for the decyl chloroformate employed in Example 1 (1).
1H-NMR (CDCl3) ppm: 0.89 (9H, m), 1.27 (15H, m), 1.42 (4H, m), 1.57 (2H, m), 1.77 (3H, m), 2.71 (1H, m), 4.31 (2H,
t), 7.19 (2H, d, J = 14.1 Hz), 8.45 (2H, d, J = 14.1 Hz), 8.71 (2H, s).
MS (m/e): 499 (M+ +H).
[0055] This compound melted at 70.4 °C to give an isotropic liquid phase.

EXAMPLE 7

Synthesis of 2-(4-(S)-2,6-dimethylheptanoyloxyphenyl)-5-hexadecyloxycarbonyloxy-1,3-pyrimidine:

[0056] Synthesis was performed in the same manner as the one of Example 2 but using hexadecyl chloroformate
as a substitute for the decyl chloroformate employed in Example 1 (1).
1H-NMR (CDCl3) ppm: 0.89 (9H, m), 1.25 (26H, m), 1.31 (3H, d), 1.43 (4H, m), 1.56 (2H, m), 1.79 (3H, m), 2.71 (1H,
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m), 4.31 (2H, t), 7.20 (2H, d, J = 8.9 Hz), 8.45 (2H, d, J = 8.9 Hz), 8.71 (2H, s).
MS (m/e): 596 (M+).
[0057] This compound melted at 81.2 °C to give an isotropic liquid phase.

EXAMPLE 8

Synthesis of 2-(4-(S)-2-methylpentanoyloxyphenyl)-5-octyloxycarbonyloxy-1,3-pyrimidine:

[0058] Synthesis was performed in the same manner as the one of Example 1 but using octyl chloroformate and (S)-
2-methylpentanoic acid as substitutes respectively for the decyl chloroformate employed in Example 1 (1) and the (S)-
2-methyloctanoic acid employed in Example 1 (3).
1H-NMR (CDCl3) ppm: 0.90 (3H, t), 0.98 (3H, t), 1.38 (16H, m), 1.77 (3H, m), 2.72 (1H, m), 4.31 (2H, t), 7.19 (2H, d,
J = 11.2 Hz), 8.44 (2H, d, J = 11.3 Hz), 8.721 (2H, s).
MS (m/e): 442 (M+).
[0059] This compound melted at 53.9 °C to give an isotropic liquid phase.

EXAMPLE 9

Synthesis of 2-(4-(S)-2-methyldecanoyloxyphenyl)-5-octyloxycarbonyloxy-1,3-pyrimidine:

[0060] Synthesis was performed in the same manner as the one of Example 1 but using octyl chloroformate and (S)-
2-methyldecanoic acid as substitutes respectively for the decyl chloroformate employed in Example 1 (1) and the (S)-
2-methyloctanoic acid employed in Example 1 (3).
1H-NMR (CDCl3) ppm: 0.88 (3H, t), 0.90 (3H, t), 1.34 (25H, m), 1.51 (1H, m), 1.78 (3H, m), 2.71 (1H, m), 4.32 (2H, t),
7.20 (2H, d, J = 8.9 Hz), 8.45 (2H, d, J = 8.9 Hz), 8.72 (2H, s).
MS (m/e): 513 (M+ +H).
[0061] This compound melted at 47.7 °C to give an isotropic liquid phase. When cooled quickly, a tilted smectic liquid
crystal phase was observed immediately before crystallization.

EXAMPLE 10

[0062] An antiferroelectric liquid crystal composition can be obtained by mixing the compounds of the present inven-
tion.
[0063] Now, the composition of the antiferroelectric liquid crystal composition and its phase transition points will be
shown.
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[0064] This composition melted at 14 °C to give an antiferroelectric liquid crystal phase. It underwent transition into
smectic A phase at 54 °C and to an isotropic liquid phase at 64 °C.
[0065] As described above, a melting point depression is observed simply by mixing compounds, which are relatively
similar to each other in structure, and a stable antiferroelectric liquid crystal phase appears. Thus the temperature
range of the antiferroelectric liquid crystal phase can be broadened toward the lower temperature side.

EXAMPLE 11

[0066] An antiferroelectric liquid crystal composition can be obtained by mixing the compounds of the present inven-
tion with known compounds showing an antiferroelectric liquid crystal phase or a composition thereof in an ordinary
manner. Now, the composition of the antiferroelectric liquid crystal composition and its phase transition points will be
shown.



EP 0 745 592 B1

5

10

15

20

25

30

35

40

45

50

55

14

[0067] The phase transition points of this composition were as follows.
[0068] Namely, it began to melt at 10 °C to give an antiferroelectric liquid crystal phase. It underwent transition into
a smectic A phase at 54.6 °C and to an isotropic liquid phase at 60 °C.
[0069] As described above, the compounds of the present invention are highly miscible with known compounds
showing an antiferroelectric liquid crystal phase or a composition thereof. Thus an antiferroelectric liquid crystal com-
position can be easily obtained.

EXAMPLE 12

[0070] An antiferroelectric liquid crystal composition can be obtained also by mixing the compounds of the present
invention with known and optically inactive compounds showing a smectic C liquid crystal phase or a composition
thereof. However, it is to be noted that the content of the compounds showing a smectic C liquid crystal phase or a
composition thereof should be restricted to 40 % at the largest.
[0071] Now, the composition of the antiferroelectric liquid crystal composition and its phase transition points will be
shown.
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[0072] This composition showed the following phase transition points.
[0073] Namely, it began to melt at 39 °C to give an antiferroelectric liquid crystal phase. It underwent transition into
an isotropic liquid phase at 49 °C.
[0074] As described above, the compounds of the present invention are highly miscible with known and optically
inactive compounds showing a smectic C liquid crystal phase or a composition thereof. Thus an antiferroelectric liquid
crystal composition can be easily obtained.
[0075] It is also possible to prepare an antiferroelectric liquid crystal composition by mixing the compounds of the
present invention with compounds showing a chiral smectic C liquid crystal phase or a composition thereof, so long
as these components are added in equivalent amounts.

COMPARATIVE EXAMPLE 1

[0076] No antiferroelectric liquid crystal phase could be obtained by adding more than 40 % of a phenylpyrimidine
compound, which simply showed a smectic C phase, to MHPDBC as shown in Example 1. For example, the following
two-component system showed only a smectic A phase.

[0077] This mixture showed a smectic A phase and changed to an isotropic phase at 101 °C. At lower temperatures,
however, no tilted phase (for example, ferroelectric liquid crystal phase, antiferroelectric liquid crystal phase) appeared
until local crystallization occurred at room temperature.
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COMPARATIVE EXAMPLE 2

[0078] Similar to Comparative Example 1, a phenylpyrimidine compound, which showed simply a smectic C phase
and had a high thermal stability of the liquid crystal phase, was added in an amount of more than 40 % to MHPDBC
as shown in Example 1. However, no antiferroelectric liquid crystal phase could be obtained thereby. For example, the
following two-component system showed only a smectic A phase alone.

[0079] This mixture also showed a smectic A phase and changed to an isotropic phase at 120 °C. At lower temper-
atures, however, no tilted phase (for example, ferroelectric liquid crystal phase, antiferroelectric liquid crystal phase)
appeared until local crystallization occurred at room temperature.

COMPARATIVE EXAMPLE 3

[0080] A phenylpyrimidine compound, which showed simply a smectic C phase and had an ester bond similar to
general formula (I), was added in an amount of more than 40 % to MHPDBC as shown in Example 1. However, no
antiferroelectric liquid crystal phase could be obtained thereby. For example, the following two-component system
showed only a smectic A phase alone.

[0081] This mixture also showed a smectic A phase and changed to an isotropic phase at 97.6 °C. At lower temper-
atures, however, no tilted phase (for example, ferroelectric liquid crystal phase, antiferroelectric liquid crystal phase)
appeared until local crystallization occurred at room temperature.

COMPARATIVE EXAMPLE 4

[0082] A phenylpyrimidine compound, which showed simply a smectic C phase and had an ester bond, was added
in an amount of more than 40 % to MHPDBC as shown in Example 1. However, no antiferroelectric liquid crystal phase
could be obtained thereby. For example, the following two-component system showed only a smectic A phase and a
ferroelectric liquid crystal phase.
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[0083] This mixture showed a chiral smectic C phase (ferroelectric phase) and changed to a smectic A phase at 84
°C and then changed to an isotropic phase at 105 °C. At lower temperatures, however, no antiferroelectric liquid crystal
phase appeared until local crystallization occurred at room temperature. This compound showed a stable ferroelectric
liquid crystal phase seemingly due to the similarity to MHPDBC in the terminal ester bond. As described above, however,
no antiferroelectric liquid crystal phase appeared.

COMPARATIVE EXAMPLE 5

[0084] A phenylpyrimidine compound, which showed simply a smectic C phase and had a high thermal stability of
the liquid crystal phase similar to the one employed in Comparative Example 1, was added in an amount of more than
40 % to MHPDBC as shown in Example 1. However, no antiferroelectric liquid crystal phase could be obtained thereby.
For example, the following two-component system showed only a smectic A phase and a ferroelectric liquid crystal
phase.

[0085] This mixture showed a chiral smectic C phase (ferroelectric phase) and changed to a smectic A phase at 38
°C and then changed to an isotropic phase at 102 °C. At lower temperatures, however, no antiferroelectric liquid crystal
phase appeared until local crystallization occurred at room temperature. Although this compound was similar in struc-
ture to the compounds employed in Comparative Examples 1 and 2, it showed the ferroelectric liquid crystal phase
but no antiferroelectric liquid crystal phase.

COMPARATIVE EXAMPLE 6

[0086] A phenylpyrimidine compound, which had the same optically active group and ester bond as those in general
formula (I) of the present invention, was added in an amount of more than 40 % to MHPDBC as shown in Example 1.
However, no antiferroelectric liquid crystal phase could be obtained thereby. For example, the following two-component
system showed only a smectic A phase alone.
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[0087] This mixture showed a chiral smectic A phase and changed to an isotropic phase at 80 °C. At lower temper-
atures, however, no tilted phase (for example, ferroelectric liquid crystal phase, antiferroelectric liquid crystal phase)
appeared until local crystallization occurred at room temperature.
[0088] As the above Comparative Examples 1 to 6 show, no antiferroelectric liquid crystal phase appears merely by
adding more than 40 % by weight of a compound, which is employed in a ferroelectric chiral smectic phase in general,
to a compound showing an antiferroelectric liquid crystal phase such as MHPDBC. This is seemingly because a com-
pound showing an antiferroelectric liquid crystal phase differs from a compound employed in a ferroelectric chiral
smectic phase in the layer structure of the tilted smectic phase thus presented.

COMPARATIVE EXAMPLE 7

Synthesis of 2-(4-heptanoyloxyphenyl)-5-octyloxycarbonyloxy-1,3-pyrimidine:

[0089] Synthesis was performed in the same manner as the one of Example 1 but using n-heptanoic acid as a
substitute for the (S)-2-methyloctanoic acid employed in Example 1 (3). 1H-NMR (CDCl3) ppm: 0.90 (6H, m), 1.33
(16H, m), 1.77 (4H, m), 2.53 (2H, t), 4.32 (2H, t), 7.21 (2H, d, J = 9.0 Hz), 8.45 (2H, d, J = 9.0 Hz), 8.71 (2H, s).
MS (m/e): 457 (M+, +H).
[0090] Although this compound is disclosed in JP-A-4-213387, this reference states nothing about its phase transition
points. Thus it was synthesized as described above and the phase transition temperature thereof was examined. As
a result, it melted and showed a smectic C phase at 59.8 °C, changed to a nematic phase at 74.5 °C and then changed
to an isotropic phase at 75.5 °C. Accordingly, this compound had a higher thermal stability as the whole liquid crystal
phase than the compound of the present invention represented by general formula (I).
[0091] Then it was added in an amount of 49.3 % by weight to MHPDBC, i.e., a compound showing an antiferroelectric
liquid crystal phase, as done in Comparative Examples 1 to 6. Then the phase transition temperature of the composition
thus obtained was examined. As a result, it showed a liquid crystal phase and changed to a smectic A phase at 60 °C
and then changed to an isotropic phase at 101 °C. In the process of cooling, it showed the smectic A phase alone until
crystallization occurred at around 40 °C.
[0092] That is to say, no stable antiferroelectric liquid crystal phase can be obtained by adding a compound, which
is similar in structure to general formula (I) of the present invention but which merely has carbonate, alkanate and a
phenylpyrimidine structure, to an antiferroelectric liquid crystal composition.
[0093] These Examples and Comparative Examples indicate that the compound of the present invention represented
by general formula (I), which is specified by carbonate, optically active 2-methylalkanate, the direction of the phenylpy-
rimidine ring, and so forth, is capable of presenting a stable antiferroelectric liquid crystal phase on mixing.
[0094] The optically active compound of the present invention is highly miscible with a number of known antiferroe-
lectric liquid crystal compounds. Therefore it is capable of providing liquid crystal materials having improved temper-
ature characteristics. Further, the liquid crystal composition containing the optically active compound of the present
invention is usable in electro-optical devices with the use of antiferroelectric liquid crystals.

Claims

1. An optically active compound represented by the following general formula (I):
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wherein R1 represents an alkyl group having 6 to 16 carbon atoms; R2 represents a straight chain alkyl group
having 3 to 8 carbon atoms or a branched alkyl group having 4 to 10 carbon atoms; and * means an asymmetric
carbon atom.

2. An optically active compound according to Claim 1, wherein R1 is a straight chain alkyl group having 6 to 12 carbon
atoms.

3. An optically active compound according to either Claim 1 or Claim 2, wherein R2 is a straight chain or branched
alkyl group having 3 to 6 carbon atoms in the linear chain.

4. An antiferroelectric liquid crystal composition comprising at least one optically active compound according to any
one of Claims 1 to 3.

5. An antiferroelectric liquid crystal composition according to Claim 4, wherein the optically active compound repre-
sented by general formula (I) is contained in an amount of 1 to 60% by weight.

6. An antiferroelectric liquid crystal composition according to either Claim 4 or Claim 5, wherein the optically active
compound represented by general formula (I) is contained in an amount of 20 to 60% by weight.

Patentansprüche

1. Eine optisch aktive Verbindung, die durch die allgemeine Formel (I) wiedergegeben wird:

worin R1 eine Alkylgruppe mit 6 bis 16 Kohlenstoffatomen bedeutet; R2 eine geradkettige Alkylgruppe mit 3 bis 8
Kohlenstoffatomen oder eine verzweigte Alkylgruppe mit 4 bis 10 Kohlenstoffatomen bedeutet; und * ein asym-
metrisches Kohlenstoffatom bedeutet.

2. Eine optisch aktive Verbindung gemäß Anspruch 1, worin R1 eine geradkettige Alkylgruppe mit 6 bis 12 Kohlen-
stoffatomen ist.

3. Eine optisch aktive Verbindung gemäß Anspruch 1 oder Anspruch 2, worin R2 eine geradkettige oder verzweigte
Alkylgruppe mit 3 bis 6 Kohlenstoffatomen in der linearen Kette ist.

4. Eine antiferroelektrische Flüssigkristall-Zusammensetzung, umfassend wenigstens eine optisch aktive Verbindung
gemäß einem der Ansprüche 1 bis 3.

5. Eine antiferroelektrische Flüssigkristall-Zusammensetzung gemäß Anspruch 4, worin die optisch aktive Verbin-
dung, wiedergegeben durch die allgemeine Formel (I), in einer Menge von 1 bis 60 Gew.-% enthalten ist.

6. Eine antiferroelektrische Flüssigkristall-Zusammensetzung gemäß Anspruch 4 oder Anspruch 5, worin die optisch
aktive Verbindung, wiedergegeben durch die allgemeine Formel (1), in einer Menge von 20 bis 60 Gew.-% enthalten
ist.
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Revendications

1. Un composé optiquement actif représenté par la formule générale (I) suivante :

dans laquelle :

- R1 représente un groupe alkyle ayant de 6 à 16 atomes de carbone,

- R2 représente un groupe alkyle linéaire ayant de 3 a 8 atomes de carbone ou un groupe alkyle ramifié ayant
de 4 à 10 atomes de carbone ;

- et * signale un atome de carbone asymétrique.

2. Un composé optiquement actif selon la revendication 1. dans lequel R1 est un groupe alkyle linéaire ayant de 6
à 12 atomes de carbone.

3. Un composé optiquement actif selon la revendication 1 ou 2, dans lequel R2 est un groupe alkyle, linéaire ou
ramifié, ayant de 3 à 6 atomes de carbone dans la chaîne linéaire.

4. Une composition antiferroélectrique à cristaux liquides comprenant au moins un composé optiquement actif selon
l'une des revendications 1 à 3.

5. Une composition antiferroélectrique à cristaux liquides selon la revendication 4, renfermant de 1 à 60% en poids
d'un composé optiquement actif représenté par la formule générale (I).

6. Une composition antiferroélectrique à cristaux liquides selon l'une des revendications 4 ou 5, renfermant de 20 à
60% en poids d'un composé optiquement actif représenté par la formule générale (I).
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